River deltas are dynamic coastal systems and their evolutions are closely monitored as it often concentrates vital natural resources for the surrounding areas. Many deltas worldwide experience subsidence due to geological processes (sediment loading and compaction) or human activities (groundwater or hydrocarbon extraction, land reclamation). This causes shoreline erosion or wetland loss which represent serious issues for the population. In this study we investigate the dynamic of the Var delta (France) where reclaimed lands over sea have been built to host the Nice côte d'Azur airport (NCA). Actually, the stability of this infrastructure is a permanent concern since, in 1979, a newly built extension of the runway platform collapsed in the sea, causing important damages. The project of land extension stopped, but the present airport platform is still located on reclaimed land. Factors that can trigger such catastrophic landslide are thought to be linked to the delta activity and the artificial airport platform load. We used, therefore, Envisat InSAR data to measure accurately the ground deformation of the area that includes the Var delta and NCA airport. Combining data from ascending and descending orbits, we estimated the east-west and vertical components of the deformation and obtained very accurate displacement rate (with a 1σ error of 0.25 mm yr −1 ). We found that nearly all the deformation is vertical and impacts the whole Var delta. The Var valley subsides at a very low rate (0.5-1 mm yr −1 ) but downstream the subsidence rate increases and a clear jump is observed at the transition with the reclaimed lands (1-2 mm yr −1 ). On average, the reclaimed lands subside at 3 mm yr −1 . Since the subsidence rate increases in correlation with the sediment thickness, we interpret it as the compaction of the delta quaternary sedimentary wedge. In addition, three areas subside faster (between 5 and 10 mm yr −1 ), with one calling for more attention as it is the largest and overlooks the steep Var canyon. The progressive increase of subsidence rates toward the sea also suggests that the underwater parts of the margins could subside at rates well above 10 mm yr −1 .
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Introduction
More than 300 million people live on river deltas (Ericson et al., 2006) and a major environmental issue is land subsidence. With eustatic sea-level rise, this phenomena causes shoreline erosion, wetland loss, flow inversion in the drainage watercourses, or salt water intrusion (Syvitski et al., 2009) . Therefore, accurate quantification of delta subsidence is important data to anticipate the ensuing processes and to protect the exposed population. For example, Milliman et al. (1989) used estimates of eustatic sea-level rise and ground subsidence to estimate land loss for three future scenarios in the Nile and Bengal deltas.
Ground subsidence is also problematic for the stability of infrastructures as bridges, dams or airports. For coastal cities with limited flat lands, it is common practice to have airports partly built on land reclaimed from the sea. This is the case of many international airports such as Haneda and Kansai airports in Japan, the Chek Lap Kok airport in Hong-Kong or the Incheon airport in South Korea. Although convenient, airport platforms built on reclaimed lands might, over time, lead to stability concerns and/or particular exposure to searelated natural hazards such as storm or tsunami surges.
The Nice Côte d'Azur international airport (NCA), southeast of France, is one such airport built on reclaimed land. It is located on the North Ligurian Basin (Mediterranean Sea) at the end of the Var river delta (Fig. 1 ). Most of the airport's offshore extension was built in the late seventies. The original project was to reclaim land on the narrow coastal shelf (1-2 km wide) to build new landing tracks and a major commercial harbour on the edge of those new runways. However, the large harbour seawall disappeared in a major submarine landslide in October 1979 (Fig. 1) . The volume of the surge was estimated to be 150 million m 3 (Assier-Rzadkieaicz et al., 2000) , rupturing a communication cable 105 km from the source and generating a 2-3 m high local tsunami which killed nine people, mostly on the construction site (Assier-Rzadkieaicz et al., 2000; Sahal and Lemahieu, 2011; Ioualalen et al., 2010) . The exact scenario of the landslide remains a topic of debate (Anthony and Julian, 1997; Mulder et al., 1997; Assier-Rzadkieaicz et al., 2000; Dan et al., 2007; Kopf et al., 2010; : was it triggered by the exceptional rainfalls in the previous weeks? Did the instability of the newly man-made structure initiate the landslide and turbidity currents? Or is it due to sensitive clay layer failure? At least, the landslide was not triggered by earthquakes at that time which is nevertheless another possible triggering mechanism in this region of moderate seismic activity (Mulder et al., 1994) . However, the evaluation of the margin activity from 1991 to 2011 suggests that fresh-water outflow might indeed be a main triggering mechanism for the more recent landslides (Kelner et al., 2014) . The construction of the harbour was cancelled after the 1979 catastrophe but the extension of the airport platform, which had already been completed, was used to build the two main runways, still in use today (Fig. 1) . Several studies, focused on the slope of the Nice margin, have collected evidence from core samples (Cochonat et al., 1993; Migeon et al., 2011; Hassoun et al., 2014) or high-resolution bathymetry (Migeon et al., 2012; Kelner et al., 2014) of several past failure events suggesting that the airport platform might be exposed and unstable. Concerns were raised after a series of studies using bathymetry data, sediment cores and CPTU data (Dan et al., 2007; Leynaud and Sultan, 2010; which led the authors to conclude that the slopes of the airport platform were probably highly unstable . Since the 1979 airport extension (which doubled the size of the airport), NCA became a critical lever for the economic development of the French Riviera (11M passengers in 2012, third busiest airport in France), in an area whose terrestrial access is otherwise limited by the sea and the Alps (Fig. 1 ). All these evolutions have turned the stability of the NCA slopes into a major societal and economic concern.
In this study, we use synthetic aperture radar interferometry (InSAR) to detect potential deformation of the Var valley area. Due to the poor penetration of radar waves into water, our study focuses only on the inland delta and NCA airport deformation, but also gives hints regarding its offshore extension. We are particularly interested in observing a possible link between the global delta dynamic and the suspected deformation on the NCA platform. Actually, Var river is by far the most important river of the French Riviera and it is, in particular, characterized by torrential discharge (up to 3770 m 3 s −1 during the catastrophic 1994 flooding event) (Anthony, 2007) , that is one of the proposed scenarios to explain the 1979 submarine landslide (Dan et al., 2007; Kopf et al., 2010) . In order to do a comprehensive analysis of the whole margin, this inland ground motion can be compared to submarine analysis that studied the sea-floor deformations (Kelner et al., 2014) .
To track the deformation evolution through time and increase the signal-to-noise ratio of the averaged velocity over the period 2003-2011, we perform a time series analysis of the SAR images that has been successfully used to measure centimetric ground motion related to volcanoes (Hooper et al., 2008) , ground subsidence related to surface load changes (Cavalié et al., 2007) , urban subsidence due to ground compaction (López-Quiroz et al., 2009) , or active tectonic (Cavalié and Jónsson, 2014) .
Data and InSAR method
We used the Envisat satellite data archive provided by the European Space Agency (ESA) to measure the deformation around the NCA airport from both descending and ascending orbits. For the period 2003-2011, 47 images have been acquired along descending track 22 and 40 images along ascending track 301 ( Fig. 2) . Images from ascending and descending tracks overlap from Cannes, France, to Ventimiglia, Italy (Fig. 2c ).
We generated ground displacement time series from interferograms using the New Small BAseline Subset (NSBAS) processing chain (Doin et al., 2012) . This chain is based on the ROI_PAC (Repeat Orbit Interferometry Package) software (Rosen et al., 2004) . The main idea consists in limiting both the temporal and spatial baseline between the images that will be combined to compute the interferograms in order to optimize the interferometric phase coherence and keep the highest possible number of pixels for the deformation analysis. Figure 2a and b show the network of interferograms based on the image acquisition configuration. Inter-ferograms are corrected for orbital and topographic components using DORIS and the 3 arcsec SRTM DEM (Farr and Kobrick, 2000) , respectively. To help the phase unwrapping, interferograms are filtered using an adaptive filter (Goldstein and Werner, 1998) and slightly downsampled by pixel multilooking with 2 looks in range and 2 × 5 looks in azimuth. The resulting pixel spacing is ∼ 40 m × 40 m. The interferogram coherence stays good along the coast, thanks to the strong reflections of the buildings, and very poor in the up-country due to the steep slopes of the mountains and the vegetation that covers most of the area. We used SNAPHU (Statistical-Cost Network-Flow Algorithm for Phase Unwrapping) to unwrap interferograms. To avoid dealing with the very complex unwrapping process in the mountainous area, we take only a small subset of the images around the airport. This step allows to greatly speed-up the computation of the interferograms. To process the ground displacement time series, it is important that all interferograms are properly referenced. Any stable area (i.e., area that is not deforming and that keeps a good phase coherence through time) can be set as a reference. However, as phase propagation delays affect pixels randomly, a too small area, even stable, should not be used as a reference as it might be off by several radians. We used a constrained least-square inversion (Doin et al., 2012) in order to derive the surface displacement rates from the interferograms. A smoothing operator is applied to limit phase variations due to turbulent atmospheric delays. Displacement rate of the ground are estimated by the linear component of the time series result for each pixel. We therefore measured the ground displacement rates from two point of views (or line of sights, LOS) corresponding to the ascending and descending orbits. As the satellite LOS has an average angle of 23 • with the vertical, the measurements are more sensitive to vertical displacements. Moreover, Envisat satellite has a mostly north-south orbit (azimut of ∼ 13 • N) and has a side-looking acquisition mode. InSAR measurements are, thus, almost insensitive to north-south ground deformation. In a referential where the east-, north-and up-axis are defined positive, the mean line of sight vectors are (0.381; 0.088; −0.921) and (−0.381; 0.088; −0.921) for the ascending and the descending orbits, respectively. Therefore, one can retrieve the east component and the mostly vertical (with a bit of north) component of the ground displacement in combining both LOSs. Figure 3a and b shows the averaged ground velocity maps obtained independently along tracks 301 (descending orbit) and 22 (ascending orbit). Two results jump out: (i) the great similarity between the ascending and descending velocity maps, and (ii) the presence of three areas located along the edge of the airport platform (labelled S1, S2, and S3 on Fig. 3a ) moving away from the satellite. Moreover, as shown by the LOS arrows, the view angles between the ascending and descending tracks differ mostly in the sign of the east component. Therefore, most of the deformation seems vertical. The fusion of those maps can be done in combining the two LOSs (either by subtraction or addition) in order to separate the east component and the quasi-vertical component of the ground displacement. As expected, we find that the ground motion is essentially vertical (Fig. 4a ), and not horizontal (i.e., in the east-west direction) (Fig. 4b) .
Results of the time series InSAR analysis
The east-west component is mostly around zero, displaying a spatially coherent signal only in a few localized areas ( Fig. 4b ). Indeed, the noise level of the horizontal component might seem large compared to that of the vertical component ( Fig. 4a ) but, as the LOS vector makes a relatively large angle with horizontal (67 • ), when InSAR signal is projected into the east component, the noise gets amplified by a factor ∼ 1/ sin(23 • ). Hence, the horizontal motion cannot be interpreted with the same level of confidence as the vertical motion. Where there is coherent horizontal motion, it does not correlate with well identified ground structures and we interpret these signals as noise. The only exception is the eastward motion along the offshore edge of the runway platform because the signal is spatially coherent. This area is very narrow (about 1 pixel wide) and could represent the response of the platform seawall (that is made of big concrete blocks) to the wave forces. On the other hand, the vertical component shows very clear patterns of deformation ( Fig. 4a) , with a general trend of subsidence over the whole studied area and a few localized areas of more intense subsidence. All these areas of more intense deformation are on the edges of the airport platform. The largest subsidence rate is located on the southern tip of the platform corresponding to the beginning of the landing tracks (S1 on Fig. 3a ): this area, roughly 500 m × 500 m and surrounded on all three sides by water, has a subsidence rate that progressively increases from 4 to 9.5 mm yr −1 near its offshore edge ( Fig. 4a and c). A second patch of subsidence (S2 on Fig. 3a) , about 1 km northeast of S1, has a similar but slightly lower rate of subsidence (8.5 mm yr −1 ) and is elongated along the edge of the platform. Finally, a third much smaller patch of deformation (S3 on Fig. 3a ) with 6 mm yr −1 of motion is detected on the eastern corner of the airport, near the end of the landing tracks. Times series for these three patches of highest subsidence show linear ground displacements over the whole period studied (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) with little scatter between measurements at each interval of the time series analysis ( Fig. 3c-e ).
But these patches of more intense deformation are part of a larger scale subsidence pattern (green area on Fig. 4a ) starting from zero about 4 km upstream of the Var valley, progressively increasing to a few mm yr −1 toward the airport, and then strongly increasing across the airport platform (runway tracks). While the Var riverbed subsidence rates are small, there are arguments to believe the subsidence is real: the pattern is spatially coherent and the amplitudes are clearly above the pixel dispersion. A profile across the Var riverbed (Fig. 4f) shows that the pixels dispersion is less than 0.5 mm yr −1 and the subsidence rate goes back to 0 mm yr −1 on the edges of the valley. Moreover, the displacement rate dispersion over areas that are assumed to be stable (i.e., no displacement) shows a Gaussian distribution centered around zero and with a standard deviation of 0.25 mm yr −1 (Fig. 5) . As there is no reason that this noise distribution changes for the airport platform, we assume that 1σ error of 0.25 mm yr −1 can be applied to the rest of the map. To investigate further this large subsidence pattern, we drew two profiles from the riverbed (profile N-S) or coastal range (profile N -S ) to the edge of the delta (Fig. 4d and e) . The profiles reveal a differential motion between the last 3-4 km of the Var riverbed subsiding at about 1 mm yr −1 (segment N-n, Fig. 4d ) and the stable surrounding coastal range (segment N -n , Fig. 4e ). This difference is also clearly visible on the vertical velocity map (Fig. 4a ) with the green-blue contrast between subsiding and stable areas respectively. This contrast matches very well the geology of the area (Fig. 4c ). But it is only at the transition with the delta, which essentially corresponds to the airport area, that the subsidence rates become really large. Along profile n-S, which reaches the patch S1 of largest subsidence, the rate increases from 1 to 9 mm yr −1 over a distance of only 1.5 km (Fig. 4d ). Further north on the platform, where the gradient of subsidence rate is the smallest (profile n -S ), there is still an increase of 3 mm yr −1 over 1.5 km (Fig. 4e ).
Discussion

Origin of the subsidence
The InSAR time series analysis reveals a clear subsidence across the studied area, with a moderate and progressive increase of the subsidence in the last few kilometres of the Var riverbed transitioning to larger subsidence rates (4 mm yr −1 with locally higher values up to 10 mm yr −1 ) in the last couple of kilometres across the aerial platform. Although the viewing angles of the Envisat radar satellite do not allow to resolve the north-south motion, the absence of large-scale horizontal motion on the east-west component (Fig. 4b) sug-gests that the motion of the delta is almost purely vertical. One exception is a very thin line (1-2 pixels wide) of eastward motion detected on the edge of the airport track but we suspect that it is related to re-mobilization of the large concrete blocs during the strong winter storms. This hypothesis is supported by the steep submarine morphology.
To understand the origin of this subsidence, we compared its location with the geologic map of the area (Fig. 4c) . The comparison reveals a remarkable spatial correlation between the subsiding areas and the geological units ( Fig. 4a and c) , where the large-scale subsidence is limited to the quaternary alluvium deposits of the delta and Var riverbed. On both sides of the riverbed, where the transition from alluvium to conglomerate occurs (poudingue), the subsidence rate quickly drops to zero (Fig. 4f ). The conglomerate unit dominates the regional foothill geology and appears to be very stable across our studied area with a rate of 0 ± 0.25 mm yr −1 (Fig. 5 ). This high correlation between subsidence and geology points to a unique large-scale process that affects the end of the Var riverbed and the delta.
Several processes are known to cause subsidence. Tectonics is one of them (e.g. Dokka (2006) discusses the role of a fault on the subsidence of the Mississippi delta) and needs to be considered given that the Ligurian margin is characterized by active deformation (e.g. Larroque et al., 2011) . The deformation of the margin, associated to moderate seismicity (Courboulex et al., 2007) , is mostly seen through a set of thrust faults at the foot of the continental slope which likely hosted the 1887 earthquake rupture of which the magnitude is estimated around M w = 6.8-6.9 (Larroque et al., 2012) . However, in this part of the margin, the main faults identified by morpho-geological studies are oriented parallel to the margin and are thus not compatible with a motion restricted to the sole riverbed. It also seems unlikely that a slip on a hypothetical fault would cause a steady subsidence over the 8-year period of our measurements and not show better in the morphology. Salt tectonic also took place deeper in the basin. Salt creep causes very large landslides at the foot of the margin (Hassoun et al., 2014) . But these deep basin movements are difficult to link with surface deformation limited to the Var riverbed.
If it is not a tectonic movement origin, a shallow local process is most likely causing the subsidence. Because the subsidence pattern has a very large and consistent extent, it is unlikely related to groundwater extraction or permanent anthropogenic modifications which have affected the area in the last 60 years: namely the reclamation of the airport landing tracks or the severe channelization of the Var river which involved construction of several dams, large-scale aggregate extraction or water pumping (Anthony and Julian, 1997) . Yet it remains possible that these anthropogenic modifications contribute to the subsidence rates at a smaller scale. Because the subsidence is well correlated with the Var riverbed and delta alluviums, and decreases with distance away from the shoreline, we argue that consolidation of the sediments is the primary cause of the observed ground motion. Indeed, many of the world's largest river deltas are primarily sinking under the effect of sediment compaction (Syvitski et al., 2009) . Examples include the Fraser river delta in Western Canada (Mazzotti et al., 2009) , the Mississippi delta in the USA (Törnqvist et al., 2008) , the Po delta in Italy (Teatini et al., 2011) or the Ganges-Brahmaputra delta in Bangladesh (Higgins et al., 2014) .
Deltas and sediment compaction
In the stratigraphic cross-section of the Var delta (Fig. 6 , adapted from the reconstruction work of Dubar and Anthony, 1995; Stegmann et al., 2011) , we see that the delta is composed of a Pleistocene basement overlain by Holocene deposits. The thickness of the Holocene superficial strata is maximum offshore by the shelf break (100 m) and decreases landward over a distance of about 4 km: this distance to the shore corresponds to the transition between the Var riverbed and the delta, where the deltaic topset starts to be dominated by gravels as expected for a braided bedload channel. At this distance from the shore, the superficial gravel deposits merge with the basal fluvial Pleistocene gravels. The resulting Holocene wedge, which took shape before the Var delta was anthropized, is made of a thick succession of muddy laminites and thin peat interbeds resulting from brackish delta-plain and fluvial overbank deposits (Dubar and Anthony, 1995) . Looking at the spatial extent of the Holocene wedge, we find that it matches our documented aerial subsidence pattern by tapering over a distance of about 4 km from the shelf break. This spatial correlation suggests that the subsidence of the Var delta is mainly controlled by the compaction of these Holocene strata. Since the temporal decrease of subsidence rate typically follows an exponential curve with a relatively short time constant (likely shorter than 100 years) (Terzaghi and Peck, 1967) , it seems unlikely that compaction of the basal Pleistocene strata could explain the 4-10 mm yr −1 of compaction rate (CR) observed at the surface. We thus conclude that the subsidence is mainly related to the compaction of the Holocene wedge as inferred for other deltas such as the Po, Mississippi, Fraser or Ganges-Brahmaputra deltas (Mazzotti et al., 2009; Törnqvist et al., 2008; Teatini et al., 2011; Higgins et al., 2014, e.g.) . Moreover, InSAR data show here an increase of the subsidence rate from inland to the coastline that correlates well with the increase of the Holocene sediment thickness.
Wetland and delta compaction with high CR are often associated with the presence of peat because its decomposition can cause fast compaction in the earliest stage of its formation and burial (Allen, 1995; Long et al., 2006; Törnqvist et al., 2008) . This explains why the compaction was linked to the superficial Holocene layers in most of these previously mentioned studies about delta subsidence. In the case of the Var delta, the peat deposits are interlayered with muddy laminites so only compaction tests on core samples could isolate the contribution of each type of deposit to the overall compaction process. This process might also be influenced by the flow of fresh water in the permeable sandy layers of the Holocene wedge (Stegmann et al., 2011) that is observed here by the presence of numerous freshwater springs on the shelf slope (Guglielmi, 1993; Stegmann et al., 2011) . In any case, our results confirm the general trend that Holocene deposits control delta subsidence, with a greater contribution from the superficial layers that are often composed of a large fraction of peat and clay.
InSAR time series reveals subsidence rates of up to 10 mm yr −1 , but those values are limited to few areas of greater deformation and localized along the platform edge. Outside of those areas, the maximum subsidence rate on the platform reaches 3-4 mm yr −1 at the coastline (Fig. 4e) .
These CR values are in the range of what it is observed for modern deltas: 1-2 mm yr −1 for the Fraser, Nile and Mississippi deltas (Mazzotti et al., 2009; Wöppelmann et al., 2013; Törnqvist et al., 2008) and up to 15-18 mm yr −1 in some parts of the Po and Ganges-Brahmaputra deltas (Teatini et al., 2011; Higgins et al., 2014) . Contrary to those studies (except for the Po delta that seems to behave similarly), the CR increases until the coastline. As the large-scale compaction gradient observed across the Var delta unlikely stops abruptly at the coastline, it probably continues to increase offshore over the remaining distance (500 m to 1.5 km) that separates the airport edge from the shelf break (Fig. 1) . Presently, there is no observation to quantify the deformation rates of the underwater platform with a centimetric precision. CPTU measurements made offshore suggest that the most critical conditions for the stability of the shelf concern sediments down to 30 m below the seafloor (Dan et al., 2007) . 30-45 m below the seafloor also corresponds to the average depth of the 1979 landslide.
Stability of the high subsidence rate areas
In addition to the large-scale subsidence, we observe three areas (S1, S2, and S3) along the platform edge with higher displacement rate. We now investigate if these patches reflect processes other than compaction. We are also interested in knowing whether those localized areas inland could reflect a broader scale phenomenon that propagates offshore.
To better understand the possible origin of these patches, we compiled a series of aerial photos at different stages between 1945 (i.e., before any significant lands were reclaimed from the sea) and 2004 (Fig. 7) . These aerial photos indicate that the S2 patch corresponds to groynes fields reclaimed post 1979. Because this area is on the edge of the platform and was back filled after the 1979 airport extension, it might not have been filled with the same type of material or dynamically compacted as the rest of the platform (dynamic compaction of the landing tracks was done with a 130 t weight dropped from 22 m high; Ollié, 1982) . The strong correlation of the S2 subsidence pattern with the past groynes fields suggests that these high subsidence values are localized and might not correspond to the edge of an offshore area with higher subsidence rates. Yet, the S2 patch is facing a wide promontory of the underwater shelf (Fig. 4c ), on the side of which the 1979 landslide occurred.
Patch S3 is located on the northeastern corner of the landing tracks. It has a much smaller spatial extent than S1 and S2 (0.05 km 2 for S3 compared to 0.25 km 2 for S1 and S2) and a subsidence rate of about 6 mm yr −1 , which is about half of the S1 values. Contrary to other sections of the coastline, we see in the bathymetry data (Fig. 1b ) that this edge of the airport platform reaches the shelf break. This narrowing of the shelf corresponds to the presence of a relatively small offshore scarp and chute. We know from the differential bathymetry (Kelner et al., 2014 ) that this scar is indeed a landslide scarp which actively migrated upslope sometime during the period 1967-1999 to reach the shelf break and affect the airport embankment. This type of superficial slope failure is typical of the slopes surrounding the NCA shelf, with concave-up topographic profile and very steep slopes (15-20 • ) . The ensuing bathymetry campaign covering the periods 1999 -2006 (Kelner et al., 2014 did not document further extension of the chute. Because there is no clear fluctuation in the displacement time series (Fig. 3e ), the subsidence in S3 is probably an indirect response of the ground following the ancient erosion activity of the scar. The retreat of the shelf break could promote compaction by lowering the lateral support and providing more efficient paths for the expulsion of porepressure. While this process could favour instability, the spatial extent of the subsidence and the size of the scar are quite limited. Finally, it is worth noting that S3 corresponds precisely to the location where 566 vertical drains have been installed at 50 m depth to decrease the interstitial pressure in order to stabilize and compact the sediment input (Ollié, 1982) . Interestingly, the other place where drains (596) have been set up is located on S1 (Fig. 4c) .
Contrary to the S2 area, which remains a few hundred metres away from the shelf break, the S1 deformation area corresponds to a promontory on the southwestern end of the landing track. It is surrounded by steep canyons on threequarters of its periphery and the distance to the slope break is often smaller than 100 m. Using differential bathymetry, Kelner et al. (2014) have shown that this part of the margin has recently experienced fast morphological changes. Between 1999 and 2006, a strong erosion phase took place and eroded part of the marine airport embankments at the southern point of S1. Around the same place, a landslide, located 100 m seaward, also reduced the continental shelf up to 30 m. On the other hand, after 2006 this area experienced a much smaller activity with for instance, only sediment deposition around the S1. These strong and rapid changes in aggradation-erosion around the S1 area can be explained firstly by the proximity of the Var canyon, the link rivercanyon, and by the steep slopes of chutes (Fig. 4c) . The Var is the main river of the northern Ligurian margin and is characterized by catastrophic discharge events, typically during fall and spring Guglielmi, 1993) : for in- stance, the Var river had a mean flow value of 751 m 3 s −1 the week before the 1979 landslide (Anthony and Julian, 1997) .
The InSAR measurements period (2003-2011) overlaps with the periods studied by differential bathymetry (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , but does not identify the change of activity detected on the margin around the S1 promontory since the subsidence rate is steady over the whole period (Fig. 3c ). Hence, if the erosion process has any direct impact on the subsidence of the promontory, it is of very small amplitude and does not seem to directly affect the long-term compaction trend. However, the rapid changes in the bathymetry can steepen and thus undermine the slopes supporting the upper part of the shelf. Moreover, the rework of the flanks around the S1 promontory and the large surface exposure to the seawater could intensify the dissipation of excess pore-pressure, that is usually the primary process behind compaction (Terzaghi and Peck, 1967) . This could contribute to the acceleration of the subsidence by increasing the effective stress.
In addition, the oedometer tests carried out by Dan et al. (2007) sediment samples from the same area (i.e., near S1), demonstrated the action of freshwater flows in the compaction acceleration. Actually, fresh water injection during oedometer tests generates more rapid and extensive formation compared to the same tests without fluid injection. Moreover, fluid circulation would generate leaching and physicochemical reorganizations within sediments (Dan et al., 2007) inducing a greater compaction as well. The preferential water flow directions in the Var delta, towards the East and West corners of the airport platform (Potot, 2011) , are in good agreement with subsiding zones, S1 and S3, locations. The drains, installed in those areas (Fig. 4c) to help the fluid circulation through the sediments, must also participate to increase the compaction rate. To summarize: the faster subsidence rate measured in S1, the uneven distribution of sediments deposits around it, the recent landslides in the area, and the steepening of flanks are all processes that could bring this section of the margin closer to destabilization.
In our analysis of the subsidence pattern, one question remains: is there any evidence of the influence of the reclaimed land on the evolution of the delta? Because our measurements are limited to land and the area reclaimed by the NCA airport defines the new coastline of the delta, it is difficult to isolate the impact of the man-made structure on the subsidence rate. However, one piece of evidence that the reclaimed lands have an influence on the compaction is the small jump of about 0.5-1 mm yr −1 in the rate of subsidence at the transition between the former coastline and the reclaimed land ( Fig. 4) . Although small, this change can be followed along almost the whole length of the platform. In the two profiles of subsidence rate across the NCA airport ( Fig. 4d and e ), the jump is localized at points s and s , respectively. Hence, there is a detectable influence of the reclaimed lands on the subsidence of the delta, but it is difficult to evaluate how much it impacts its evolution.
Conclusions
Previous studies have shown that many river deltas, around the world, are sinking. However, the full spatial variability of the subsidence is often poorly documented. We used, here, very accurate InSAR measurement (1σ error of 0.25 mm yr −1 ) to show undoubtedly the ongoing subsidence of the whole Var delta. This slow deformation, between 0.5 and 1 mm yr −1 in the Var valley, increases toward the sea and reaches 3 mm yr −1 on the Nice airport platform built over reclaimed lands. In addition to this main subsidence pattern, three areas located on the edges of the platform have a vertical deformation up to 10 mm yr −1 . The main subsi-dence mechanism is the compaction of the thick Holocene sediment layer. This result is in good agreement with observations made on others deltas around the world.
Among the three areas subsiding faster than the rest of the platform, the southern tip of the airport is the main concern as steep underwater slopes border the reclaimed lands. The two others areas are either much smaller (S3) or distant from the shelf break and its steep slope (S2). By its size and location, a collapse of S1 could thus be a repetition of the 1979 landslide catastrophe. However, the measured ground deformation, that we interpret as compaction, does not imply that a catastrophic event will inevitably occur.
Through this analysis, we pointed out the impact of the overload caused by the construction of the airport build on land gained over sea. Actually, the accurate ground motion measurements show a ∼ 1 mm yr −1 increase of subsidence across the border between lands and reclaimed lands. However, it is difficult to predict what would be the compaction gradient further south without the airport weight.
On a scientific perspective, tracking and understanding the seafloor deformation is the next step but would call for complex and very expensive technologies (Newman, 2011) . For our study area, knowing how the inland deformation propagates offshore would help to establish the role of the reclaimed area on the delta subsidence. Combined with modelling, such data could also greatly help evaluating how much strain such reclaimed lands are able to support and how the subsidence rate will evolve in the future. Finally, as for inland landslide, a better identification of the triggering factors (such as earthquakes, fluid, and groundwater) would help to secure land reclamations.
